overall SMR did not differ by sex or calendar year of initial hospitalization, whereas mortality risk in patients hospitalized with celiac disease before the age of 2 years was significantly lower by 60% (95% CI, 0.2-0.8) compared with the same age group of the general population. Mortality risks were elevated for a wide array of diseases, including non-Hodgkin lymphoma (SMR, 11.4), cancer of the small intestine (SMR, 17. 
Conclusion:
The elevated mortality risk for all causes of death combined reflected, for the most part, disorders characterized by immune dysfunction. Med. 2003; 163:1566 -1572 C ELIAC DISEASE is a disorder characterized by permanent intolerance to the protein gluten, which is contained in grains such as wheat, rye, or barley, and manifested by inflammation of the small intestine in genetically susceptible individuals. Typical symptoms include diarrhea and weight loss, but many patients, especially adults, have only mild or atypical symptoms. The widely accepted basis for the diagnosis of celiac disease is a biopsy to confirm the jejunal villous atrophy. 1, 2 The prevalence of celiac disease ranges from 0.1 celiac patient per 1000 live births in Denmark, Finland, Germany, Spain, New Zealand, and the United States to approximately 3 per 1000 live births in Ireland. [3] [4] [5] In Sweden, a high prevalence of childhood-onset celiac disease has been noted, but it is unclear to what extent this pattern reflects changes in infant exposure to gliadin (eg, through early introduction of cereal drinks). 3, 6 The reported prevalence of the disease in the United States seems to be somewhat low in light of the genetic similarities and European ancestry of many white Americans. Since serologic screening tests, such as antigliadin and antiendomysium antibody assays, have become more widely available in the last decade, it now seems that celiac disease is widely underdiagnosed, [7] [8] [9] [10] including in the United States. [11] [12] [13] [14] [15] [16] Recent population-based screening studies in several European countries have shown that prevalence of celiac disease is much higher (eg, 2 to 10 patients per 1000 individuals) than previously reported, 10, [17] [18] [19] [20] making celiac disease one of the most common genetically based human diseases. autoimmune disorders, liver diseases, and osteoporosis. 25, [32] [33] [34] [35] [36] [37] There is growing evidence that the associated serious disease outcomes linked with celiac disease could be reduced by a strict adherence to a lifelong gluten-free diet, the only effective therapy. 23, 33, [38] [39] [40] Several generally small studies 25, 29, [40] [41] [42] also suggest an increased overall mortality in patients with celiac disease. The Swedish Inpatient Registry provided a unique opportunity to investigate mortality risks in more than 10 000 patients with celiac disease, assess time trends throughout 30 years of follow-up, and examine long-term, cause-specific mortality outcomes, thus providing further information about the lifetime natural history of celiac disease.
Arch Intern

METHODS
CELIAC DISEASE COHORT
A detailed description of the Swedish In-patient Registry has been published elsewhere. 43 Briefly, the Swedish National Board of Health and Welfare has collected individual-based data on hospital discharges on a countywide level since 1964, which has been expanded to nationwide data collection since 1987. Each record of the Swedish In-patient Registry includes an individual's personal identification number, date of birth, and sex; dates of hospital admission and discharge; the hospital department in which the patient was treated; and up to 8 discharge diagnoses. The diagnoses were coded according to the International Classification of Diseases, Seventh Revision (ICD-7) through 1968, the eighth revision (ICD-8) through 1986, and the ninth revision (ICD-9) thereafter. This study was approved by the Ethics Committee, Uppsala University (Uppsala, Sweden), and by the Swedish Data Inspection Board. We selected all records in the Swedish In-patient Registry with a discharge diagnosis of celiac disease (ICD-7 code, 286.00; ICD-8 codes, 269.00 and 269.98; and ICD-9 code, 579.0). Between January 1, 1964, and December 31, 1993, the records selected reporting at least one hospitalization for celiac disease included a total of 11455 unique personal national registration numbers.
We linked the personal national registration numbers provided on those computerized records to the nationwide population register and register of cause of death to assess migration and vital status. We excluded 390 records (3.4%) with incomplete or nonmatching identification numbers and 4 records with inconsistent dates. Of the remaining 11 061 patients with valid personal national registration numbers, we excluded 1029 patients (9.3%) who died, emigrated, or were lost to follow-up within 12 months of hospitalization with a discharge diagnosis of celiac disease. We also excluded the first year of follow-up from the analysis to minimize selection bias because the outcome (mortality) is related to the likelihood of being hospitalized. Thus, 10032 patients with celiac disease were included in our analysis.
STATISTICAL ANALYSIS
Follow-up began 12 months after the date of discharge from the index hospitalization and continued until emigration, death, or the end of the observation period (December 31, 1993), whichever event occurred first. We calculated the expected number of deaths by multiplying the observed person-years of follow-up by the corresponding age-, sex-, and calendar yearspecific mortality rates in each stratum for the entire Swedish population. Mortality risks were estimated by calculating standardized mortality ratios (SMRs), which are defined as the ratio of the number of observed to the expected number of deaths. We calculated the 95% confidence intervals (CIs) of the SMRs, assuming that the observed cases follow a Poisson distribution. 44 Stratified analyses were conducted to assess mortality risks by sex, length of follow-up (1-4, 5-9, Ն10 years), calendar year of entry into the cohort (defined as hospitalization during 1964-1979 vs 1980-1993) , age at initial hospitalization (0-1, 2-9, 10-19, 20-39, 40-59, 60-69, Ն70 years), age at death (0-4, 5-19, 20-39, 40-59, 60-69, Ն70 years), and whether patients had a single discharge diagnosis of celiac disease or celiac disease in conjunction with additional discharge diagnoses. The choice of the cut points used for age at initial hospitalization was based on developmental characteristics of the human immune system. 33, [45] [46] [47] [48] We evaluated whether there were any statistically significant differences within the age strata by applying the 2 test for homogeneity and whether there were any statistically significant changes over time in SMR by calculating the 2 test for trend. 44 
RESULTS
For the 10032 patients hospitalized for celiac disease, there were 81 182 person-years of follow-up, for an average length of follow-up of 8.1 years (range, 1-30 years) ( Table 1 ). More than half of the patients were younger than 2 years at initial hospitalization; the average age at initial hospitalization was 17.4 years. A total of 828 patients (8.3%) died, with few deaths before the age of 40 years, more than half after the age of 60 years, and an average age at death of 68.6 years.
Overall, mortality risk was 2-fold increased in patients with celiac disease compared with that in the general Swedish population (Table 1) . Risks for all causes of death combined did not differ by sex and were similar during all calendar year periods evaluated (Table 1) . We observed a slight decrease in the overall mortality risk with an increasing number of years of follow-up (P for trend=.004) ( Table 1) . After excluding deaths from cardiovascular diseases, the SMRs for all other causes of death were 2.5 (95% CI, 2.1-2.8), 2.5 (95% CI, 2.1-2.9), and 2.0 (95% CI, 1.7-2.4) for follow-up intervals of 1 to 4 years, 5 to 9 years, and 10 or more years, respectively (P for trend=.12).
Patients who were initially hospitalized when younger than 2 years had a significantly lower mortality risk, whereas patients initially hospitalized at 2 years or older had an increased mortality risk compared with the same age groups of the general population (Table 1) . Of the 11 patients dying among those initially hospitalized with celiac disease before the age of 2 years, 4 died of malignant neoplasms (which included no cases of nonHodgkin lymphoma or carcinoma of the small intestine), 2 from endocrine, nutritional, and metabolic diseases, 1 from aplastic anemia, 1 from a disease of the nervous system and sense organs, 1 from a congenital or perinatal disorder, and 2 from external causes. Although 70% of the patients entered the cohort before the age of 20 years (most of them before the age of 2 years), only 30 deaths (3.6% of the total) occurred in this age group. Highest risks were observed in patients initially hospitalized between the ages of 10 and 40 years, but the absolute number of deaths (n=47) was relatively small in this age group (Table 1) . Although 67.1% of all deaths occurred in patients 60 years or older at initial hospitalization, this age group accounted for only 11.9% of all patients in the cohort. Similar trends were seen when risks were evaluated according to age at death as were observed for age at initial hospitalization (Table 1) .
Approximately two thirds of patients (64.3%) had celiac disease listed as a single discharge diagnosis at initial hospitalization (Table 1) . Patients whose initial hospitalization included discharge diagnoses for celiac disease and other medical conditions had a higher mortality risk (SMR, 2.4) than patients whose initial hospitalization included the single discharge diagnosis of celiac disease (SMR, 1.4). Although 590 (71.3%) of the deaths occurred in patients initially hospitalized with celiac disease and other discharge diagnoses, the differences between the SMRs of those with vs those without other discharge diagnoses must be interpreted in light of the notable age difference between the 2 groups. Those without other discharge diagnoses were on average 10.7 years old at initial hospitalization, whereas patients with celiac disease and other discharge diagnoses were on average 29.5 years old at initial hospitalization (data not shown).
Among the entire population of patients with celiac disease, cardiovascular diseases were the leading cause of death in both men and women, comprising 39.4% of all deaths, followed by malignant neoplasms as the second leading cause (19.4%) and then digestive diseases (12.1%) and respiratory diseases (9.8%) in both sexes ( Table 2) .
Infectious conditions comprised only 1.2% of deaths but were linked with high SMRs, including a 5.9-fold excess mortality from tuberculosis and 7.1-fold excess mortality from septicemia (Table 2) . Although not included in the major ICD category designated as "infectious conditions," patients with celiac disease also experienced excess mortality risk from pneumonia and bronchopneumonia (SMR, 2.9).
Mortality from all malignant neoplasms combined was elevated 70% and was particularly high for cancer of the small intestine, non-Hodgkin lymphoma, and liver cancer. After excluding these 3 cancer sites, the mortality risks for all remaining malignant neoplasms were 30% increased (95% CI, 1.1-1.6). Mortality from colon cancer was significantly increased in women (SMR, 3.2) but not in men (SMR, 0.9) (a significant sex difference, P=.03).
The significantly increased SMRs for the combined category of endocrine, nutritional, metabolic, and immunologic disorders was primarily due to diabetes mellitus (comprising about half of the deaths), hypothyroidism, and disorders of immune deficiency, the latter 2 characterized by high mortality risks (Table 2) . One patient died of cystic fibrosis.
Patients with celiac disease had a 6.4-fold excess risk of dying from diseases of the blood and bloodforming organs, but these outcomes (including 3 from aplastic anemia and 1 each from pernicious anemia, hereditary hemolytic anemia, other unspecified anemia, and agranulocytosis) were diverse and represented only 0.8% of deaths ( Table 2 ). The overall increased SMR for the combined category of diseases of the nervous system and sense organs ( Table 2 ) was also due to a variety of different diseases.
Mortality risk for cardiovascular diseases was 60% increased (Table 2) ; risks were similar for ischemic heart disease, other pulmonary heart disease, and cerebrovascular diseases.
The 7.9-fold excess mortality risk for all digestive system diseases combined included a high SMR associated with celiac disease, but deaths from celiac disease represented only 2.9% of the total deaths ( Table 2 ). The SMRs for inflammatory bowel diseases, vascular insufficiency of the intestine, chronic liver diseases, and diseases of the pancreas were between 5-and 70-fold increased ( Table 2 ). The 12 deaths from inflammatory bowel diseases included 6 from ulcerative colitis and 6 from Crohn disease. Among the 24 patients who died of chronic liver diseases (Table 2) , 4 were ascribed to biliary cirrhosis, 15 to unspecified chronic liver diseases without mention of alcohol, and 5 to alcoholic liver cirrhosis. The mortality from liver cirrhosis was notably and significantly (P=.004) higher within years 2 to 4 following ini- Abbreviations: CI, confidence interval; SMRs, standardized mortality ratios.
*Yes/primary indicates that celiac disease was the first discharge diagnosis listed; yes/secondary, celiac disease was the second discharge diagnosis listed.
tial hospitalization for celiac disease (SMR, 13.9) than after the fourth year of follow-up (SMR, 4.5). Furthermore, mortality risks associated with liver cirrhosis were close to 3-fold and significantly (P=.004) higher in women (SMR, 13.7) than in men (SMR, 4.2).
One of 2 deaths from diseases of the skin and subcutaneous tissue was due to dermatitis herpetiformis (SMR, 39.0; 95% CI, 0.5-217.1). Although dermatitis herpetiformis was the underlying cause of death in only 1 celiac patient, dermatitis herpetiformis was a discharge diagnosis in 221 (2.2%) of all patients with celiac disease. The overall SMR among the 221 patients with both dermatitis herpetiformis and celiac disease was 1.4 (95% CI, 0.5-3.1), lower than the 2.0-fold excess among all patients with celiac disease.
The 8.3-fold increased mortality risks from diseases of the musculoskeletal system and connective tissue were mainly from deaths due to autoimmune diseases (12 of 15 total), including 6 from rheumatoid arthritis, 2 from diffuse diseases of connective tissue, 2 from polymyositis, and 1 death each from systemic sclerosis and Sjö gren syndrome. Fifty-four patients in the celiac disease cohort (0.5%) also had discharge diagnoses of Down syndrome. The only death of a patient with both celiac disease and Down syndrome occurred less than 12 months after the hospitalization for celiac disease.
Most cause-specific SMRs in patients with celiac disease initially hospitalized with no other discharge diagnosis were similar to the cause-specific SMRs observed in all patients with celiac disease (Table 2) . However, the excess mortality risks for cardiovascular diseases were not observed in patients initially hospitalized for celiac disease alone but were limited to celiac cases initially hospitalized with one or more additional discharge diagnoses (SMR, 1.9; 95% CI, 1.7-2.2). Furthermore, mortality rates from hypothyroidism, diabetes mellitus, asthma, and rheumatoid arthritis were not increased in patients with celiac disease alone but were significantly increased in the entire population of patients with celiac disease (Table 2) .
COMMENT
This population-based Swedish cohort study of mortality risks in patients with celiac disease is one of the largest and longest in length of follow-up, providing an opportunity to investigate long-term, subgroup, and causespecific mortality outcomes. Overall, mortality from all causes of death combined was 2-fold increased. Risks were similar by sex and calendar year period of initial hospitalization. Mortality risks for patients with celiac disease with no other discharge diagnosis at initial hospitalization were lower compared with risks for the entire population of patients with celiac disease, but risks for the former were still significantly increased. Whereas mortality risk was decreased overall in children initially hospitalized with celiac disease before the age of 2 years, risks were elevated in patients initially hospitalized with celiac disease at 2 years or older. Higher risks were observed for a wide array of conditions characterized by disturbances of immune function.
Only 5 prior studies, 25, 29, [40] [41] [42] to our knowledge, evaluated mortality risks associated with celiac disease, with the total number of outcomes ranging from 11 to 115 deaths compared with 828 in the current investigation. Similar to the present study, overall SMRs were approximately 2.0 in the next 2 largest studies (conducted in United Kingdom 41 and Italy 40 ), whereas SMRs of 3.4, 3.8, and 1.0 were found in the substantially smaller investigations conducted in Denmark, 29 Italy, 42 and Finland, 25 respectively. Logan et al 41 and Corrao et al 40 described a decline in mortality risk with increasing time after diagnosis. Although we do not have precise information on the age at diagnosis of celiac disease among cohort patients, we did not see such a decline after excluding deaths from diseases of the circulatory system. Because the excess mortality from circulatory diseases was limited to patients initially hospitalized with discharge diagnoses other than celiac disease, the statistical association of celiac disease with circulatory diseases seemed unlikely to be causal.
Our study found increased mortality from the combined group of all malignant neoplasms, similar to results from studies in the United Kingdom 41, 49 and Italy. 40 The high SMRs for cancer of the small intestine and nonHodgkin lymphoma in the present investigation are consistent with the increased incidence for these neoplasms in previous studies 24, [26] [27] [28] [29] [30] and an analysis of cancer incidence of our cohort. 31 Non-Hodgkin lymphoma has been linked with disorders that involve dysfunction of the immune system, including acquired immunodeficiency syndrome, organ transplantation, or certain autoimmune disorders. [50] [51] [52] Swedish patients hospitalized with celiac disease experienced increased mortality risks from disorders characterized by immune dysfunction, including rheumatoid arthritis, diffuse diseases of connective tissue, inflammatory bowel diseases, diabetes mellitus, and asthma, and by infections involving disturbed immunity, such as tuberculosis and pneumonia.
Similar to our study, earlier investigations 25, [33] [34] [35] [36] [53] [54] [55] have also demonstrated an increased prevalence of certain autoimmune disorders in patients with celiac disease. Although the pathophysiologic mechanisms that characterize celiac disease are not fully understood, recent studies point to autoimmune-related aspects, since approximately 95% of patients with celiac disease carry an almost identical HLA DQ2/heterodimer. 56 The HLA DQ2 haplotype (B8, DR3) has been linked with various autoimmune diseases. 25, [57] [58] [59] It has been hypothesized that the immune-mediated disease mechanisms that may predispose to autoimmune diseases in patients with celiac disease may result from gluten-stimulated production of certain antibodies, such as tissue transglutaminase and fibroblast-derived extracellular matrix protein. These antibodies, found in the intestine and elsewhere, 9,33,60,61 also have been described in patients with dermatitis herpetiformis. 62, 63 The mortality rate from inflammatory bowel diseases was somewhat higher than the mortality rates from other autoimmune disorders, possibly due to misdiagnosis of celiac disease (associated with an extremely high mortality rate) as inflammatory bowel disease.
The excess of liver cirrhosis observed in patients with celiac disease is partly explained by the increased occurrence of biliary cirrhosis. 64 Both biliary and small bowel epithelia may share susceptibility to an attack by autoimmune mechanisms. 65 The association of liver cirrhosis with chronic hepatitis in celiac disease may be mediated by the genetically determined association of HLA-B8 37, 66 and characterized by aberrant T-cell function, antigen absorption from the gut, and immune complex formation. 25, [67] [68] [69] The increased mortality from tuberculosis and septicemia was consistent with earlier reports of severe infections in patients with celiac disease. [70] [71] [72] Splenic atrophy and/or hyposplenism occurs frequently in patients with celiac disease 37, 73, 74 and may predispose the patient to pneumonia and possibly other serious infections.
Mortality was notably increased from several diseases of the digestive system among patients with celiac disease, mostly due to deaths from autoimmune diseases that involve the gastrointestinal system. Nevertheless, it is possible that some of the increase of the gastrointestinal disorders may reflect increased surveillance and subsequent diagnoses and reporting of conditions that would otherwise go undetected.
Increased mortality in patients with celiac disease may also be related to reduced absorption of important nutrients, including vitamin A (linked with cancer of the upper gastrointestinal tract) and vitamin E (linked with neurologic disorders). 37, 75 These complications may be worse among patients with a delayed diagnosis or those not following a strict gluten-free diet. Interestingly, we found a reduced mortality risk in patients initially hospitalized very early in life (before the age of 2 years) compared with the general Swedish population, although the youngest patients were only followed up until young adulthood. It is possible that some of the decreased mortality in young patients could reflect increased medical surveillance and earlier detection among children of high socioeconomic status; it was not possible to control for high socioeconomic status due to the limited variables related to socioeconomic status in the Swedish Inpatient Registry database. If real, the decrease in mortality risk among the youngest patients may indicate different effects of gluten during different developmental stages of the immune system. 33, [45] [46] [47] [48] It will be important to continue to follow up the youngest patients in the Swedish In-patient Registry for many years to obtain a comprehensive picture of mortality throughout the lifespan for patients with celiac disease. The reduced mortality risk we observed to early adulthood for patients initially hospitalized at an early age may indicate that early diagnosis could potentially result in a reduced mortality in patients with celiac disease.
Strengths of our study include its populationbased study design, the large cohort size, the lengthy period of follow-up, and the nearly complete ascertainment of mortality for various causes. Nevertheless, several limitations should be considered, including lack of information about potential confounders (such as smoking, alcohol intake, dietary information, compliance with a gluten-free diet, and socioeconomic status), histologic confirmation of diagnosis, and details of diagnostic examinations or specific treatments. However, the absence of excess mortality from lung cancer, other smokingrelated malignancies, bronchitis, or emphysema suggests that prevalence of smoking was not higher in patients with celiac disease than the general population. In contrast, an increased mortality was found for liver cirrhosis in both sexes (with a diagnosis of alcoholism listed in only 5 of 24 deaths from liver cirrhosis) and for duodenal and gastric ulcers in men and external causes in both men and women. 76, 77 It is therefore unclear whether some of the excess mortality could be due to alcoholism. Despite the absence of histologically confirmed jejunal villous atrophy and clinical information about a response to a glutenfree diet, it is unlikely that a substantial proportion of patients in the cohort lacked histologic confirmation, since biopsies were routinely performed on patients suspected of having celiac disease during the study period. 6, 78, 79 Limiting the cohort to hospital inpatients probably resulted in a disproportionate number of patients with celiac disease with more advanced disease and comorbidity. Although mortality in patients with celiac disease with other discharge diagnoses at initial hospitalization was higher than for those without other discharge diagnoses, our data suggest that this does not explain all of the excess mortality, since mortality remained significantly increased after excluding cases with other discharge diagnoses. A limitation of this and other mortality studies is the possible lack of specificity of diagnoses from the death certificates.
In summary, this large-scale, population-based cohort of hospitalized patients with celiac disease showed a 2-fold excess mortality from all causes combined, with little evidence that mortality risks changed over time, with increasing length of follow-up, or by sex. When the population was restricted to those with celiac disease but no other discharge diagnosis, overall mortality was lower but still significantly increased, and the findings were similar except for circulatory diseases, which were no longer elevated. Among this subgroup and the entire population of hospitalized patients with celiac disease, high mortality risks were observed for a variety of relatively uncommon specific disorders most consistently characterized by immune dysfunction. The Swedish patients with celiac disease experienced excess mortality from diseases of immunodeficiency, tuberculosis, pneumonia, autoimmune diseases, allergic disorders, and non-Hodgkin lymphoma. Risk of death was decreased for patients initially hospitalized with celiac disease early in life. This observation together with recognized beneficial effects of gluten-free diet 23, 33, [38] [39] [40] suggests that an early diagnosis and treatment of celiac disease may reduce mortality risk in these patients.
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